This study investigated the correlation between the incidence of snakebite and indicators of agricultural development in municipal districts of the State of Bahia, Brazil. An ecological study was conducted with the 27,347 cases of snakebite poisoning reported to the Reportable Diseases National Information System in municipalities from the State of Bahia, Brazil, 2000-2009. The unit of analysis was each one of the 417 State municipalities, and the outcome variable was the average annual incidence of snakebite. Data were analyzed by multiple linear regression technique. The average annual incidence of snakebite ranged from zero to 221.96 per 100,000 inhabitants, according to the municipalities. The incidence of snakebite was positively and strongly associated with municipality characteristics: planted areas of cocoa and coffee, and the size of domestic bred chicken and bovine livestocks. It was concluded that several characteristics related to municipal agricultural profile were strongly associated with the incidence of snakebite.
INTRODUCTION
Poisoning by snakebite has worldwide reach and affects mainly farm workers in developing countries [1] . It is a serious public health problem due to its incidence, and the severity of poisoning depends on the different types of snakes inhabiting certain environments. It is estimated that annually there are over 500,000 cases of snakebite and around 130,000 deaths (26%) worldwide [2] . In Brazil, the Ministry of Health estimates the occurrence of 27,000 cases every year [3] .
Epidemiological investigations have advanced the knowledge on the profile of the patient victim of snakebite. However, most epidemiological studies on snakebite related accidents carried out in Brazil in the last 100 years have been limited to analysing the same variables as those investigated by Vital Brazil in 1905: gender and age of the victim, month the accident occurred, position of the bite, genus of the snake, time delay between accident and medical assistance and evolution [4] .
Although many studies declare that snakebite envenomation affects predominantly rural workers [5, 6, 7, 8] , few researchers have evaluated the association between agriculture and the incidence of snakebite. Mortality rates from 138 countries were strongly related to indicators of poverty, including the percentage of labour force in agriculture [1] .
The low level of education and income constitute predictors of snakebite in the State of Rio de Janeiro [4] . An investigation about the impact of agribusiness in the State of Mato Grosso, Brazil, reported that the variable 'number of bovine cattle/ number of inhabitants' was strongly associated with the incidence of snakebite. The respective determination coefficient (R 2 ) for this correlation was 0.935, meaning that this variable explained 93.5% of the variation in the incidence of snakebite [9] .
Analysis of the relationships among socio-economic, occupational and environmental variables and the incidence of snakebite can assist with the definition of prevention and control measures, as well as helping to understand the differential risk between municipal districts. This is fundamental information to guide adequate treatment, as well as the planning and management in health [4] .
This study investigated the correlation between the incidence of snakebite and indicators of agricultural development in municipal districts of the State of Bahia, Brazil.
MATERIALS AND METHOD
In this ecological study, the unity of analysis was each of the 417 municipal districts of State of Bahia which has approximately the same area (564,733 km 2 ) as France. Municipalities populations ranged from 16,353 inhabitants (Madre de Deus) to 2,948,733 inhabitants (Salvador) [10] . Information was obtained through the Ministry of Health about the data related to all cases of snakebite notified to the Reportable Diseases National Information System (SINAN) from January 1, 2000 -December 31, 2009, which occurred in the State of Bahia. Only cases that had all spaces filled, with no loss of information were considered.
The outcome variable corresponded to the annual average incidence of snakebite accidents in municipal districts in Bahia from 2000-2009. The annual incidence coefficient was calculated by dividing the number of cases of snake bites by the population of the municipal district reported by the 2010 Census [10] , and expressed by 100,000 inhabitants. The snakebite annual average incidence coefficient for the decade investigated was estimated from the average of all annual incidence coefficients obtained for each municipal district.
The socio-economic and demographic prediction variables analysed were: percentage of municipal area designated for agriculture, percentage of the population employed in agriculture, percentage of the population with access to garbage collection, municipal per capita Gross Domestic Product, percentage of illiterates in the population, and population density (inhabitants/km 2 ). Information about socio-economic and demographic variables were obtained from the 2009 and 2010 censuses for the State of Bahia, and respective intercensuses statistical projections [10, 11] .
The prediction variables strictly related to agriculture were: cultivated areas of cocoa, banana, coffee, palm oil, coconut, rice, onion, sugar cane, tomato, soya, bean, manioc, corn, and sisal; and the bovine, porcine, equine, chicken (domestic chicken breeding), and industrial farm livestocks. Information about these variables was obtained from the Brazilian Institute of Geography and Statistics [12] .
Initially, bivariate analyses evaluated the statistical significance of the correlation and regression coefficients (β 1 ) in order to select the variables for modelling.
The variables that reached the 5% significance level were selected to compose a set of variables that underwent multiple linear regression analysis. Homoscedasticitywas investigated using the Breusch-Pagan-Godfrey test, and corrected using White's robust correction in order to adjust the standard error from the model heterocedasticy, changing the t statistic. The analysis was conducted with the Stata version 12.0 group of programmes. Partial correlation coefficients and respective significance levels were calculated by using SPSS version 11.0.
A map of the snakebite incidence according to the municipal districts of Bahia was drawn, using the software Tabwin for Windows 3.6.
RESULTS
In the state of Bahia, from 2000-2009, 27,347 cases of snakebite were notified, corresponding to the coefficient of average annual incidence of 20.2 cases per 100,000 inhabitants.The municipalities with the highest incidence coefficients of snakebite were Pau Brazil -221.96 cases per 100,000 inhabitants (South Bahia mesoregion), Itagi -187.43 (Central-South Bahia mesoregion), Itaju do Colônia -132.09 (South Bahia) and Arataca -122.23 (South Bahia).
The municipalities with the highest average annual incidences of snakebite were situated in South Bahia and the extreme western mesoregions ( Fig. 1 ).
Bivariate analysis revealed that 12 out of the 25 socioeconomic, demographic and agriculture-related variables investigated showed a correlation coefficient higher than 0.10, and were statistically associated (P<0.05) with snakebite incidence (Tab. 1).
Multiple linear regression analysis showed that average annual snakebite incidence was strongly (P <0.0000) associated with 4 out of the 12 variables in the model: cocoa, coffee, bovine and domestic chicken breeding. The model estimated an average increase of 0.0007028 new cases of snakebite per 100,000 inhabitants per each head of bovine cattle in the period 2000-2009, controlling for the effect of the other variables in the model. This is equivalent to predicting 7,028 new cases of snakebite per 100,000 inhabitants for each 10,000 bovines farmed. The respective partial correlation coefficient for the relationship between snakebite incidence and bovines was 0.297 (P = 0.0000), controlled by the effects of other variables in the model. The multiple R 2 (determination coefficient) was 0.520, revealing that this set of 12 variables explained 52.0% of the linear variation of snakebite incidence (Tab. 2).
DISCUSSION
Permanent cultivars of coffee and cocoa were statistically associated with snakebite incidence, in accordance with findings from the State of Rio de Janeiro [4] . Harvesting coffee and cocoa demands handling of the fruits. Agricultural workers are more likely to be attacked by a snake on these body parts.
In 2007, the State of Bahia produced 138,000 tons of coffee. The climatic conditions of Bahia impose a non-uniform maturation of the plant, and press towards the use of a larger work force in the coffee ploughing [13] . This contingent of workers demanded by coffee farming, if working without adequate training and use of personal protective equipment, justifies the findings that associate the area reserved for coffee growth with a higher incidence of snakebite.
The cocoa (Theobroma cacao) region in Bahia is integrated into the Atlantic Forest Biome, one of the 25 hotspots of biodiversity in the world, including snakes of medical importance [14] . In Brazil, cocoa is produced in more than 40,000 rural properties distributed in over 150 municipal districts. The 70 municipal districts in the South Bahia Mesoregion produce two-thirds of Brazilian cocoa.
Cocoa is manually harvested. The cocoa farms in Bahia employ an agricultural workforce with a predominant low level of literacy. In the dense forest area considered a hotspot for biodiversity, it is reasonable to expect a high incidence of poisoning by snakebite.
The total number of chicken and bovines were associated with snakebite incidence. Domestic breeding of chicken may have multiple links with snakebites, as chicken have been considered as occasional predators of snakes [15] , and the small chicks can also be used as food for these animals, although they are not a part of the preferential diet of the poisonous species in Brazil [16] . This would increase snakes foraging in the farms in search of food, which would increase poisoning by snakebite. Besides that, veterinary poisoning Model R 2 = 0.520 associated to equine, caprine and bovine have been reported, suggesting the co-occurrence of these animals in areas dedicated to agriculture [17] . In Africa, there are 10 times more incidence of snakebites in people working in industrial plantations than in closed village plantations; this is because snakes are attracted by prey that abound in the former [18] . Grasslands constitute underbrush, and therefore are less likely to accommodate snakes [4] . However, the degradation of snakes original habitat can cause the widening of their geographical distribution because of high ecological plasticity, causing poisoning in areas not previously thought as promising. In Bahia, the species most commonly occurring is Bothrops leucurus, a snake with high environmental plasticity, which can explain the occupation of this species in different niches, including those urbanized [19] .
High incidences coefficients of snakebite were found in the municipal districts of Pau Brazil, Itaju do Colônia, Itagi, Itagibá and Aiquara, situated in the South Bahia Mesoregion, which have agriculture and cocoa products as their main economic activities. The economy of Pau Brazil relies on bovine farming, considered a risk factor for snakebite.
Further investigation is needed about the cocoa and coffee cultures as risk factors for snakebites. Further research should also address, besides the size and type of the domestic bred chicken and bovine flocks in each municipality, the breeding and feeding habits the animals, once these agriculture-related characteristics are associated with snakebite incidence.
The true incidence of snakebite envenoming in the State of Bahia, as in most parts of the tropics, remains largely unknown [20] . This fact could have been underestimated, or even have biased the presented results. Despite the methodological limitations inherent in the ecological design, this study demonstrates that the incidence of snakebite is strongly associated with several characteristics related to the municipal agricultural profile.
